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REMARKS /ARGUMENTS 

Claims 32-64 currently appear in this 
application. The Office Action of March 10, 2003, has 
been carefully studied. These claims define novel and 
unobvious subject matter under Sections 102 and 103 of 35 
U.S.C, and therefore should be allowed. Applicants 
respectfully request favorable reconsideration, entry of 
the present amendment, and formal allowance of the 
claims . 
Disclosure 

The disclosure is objected to because there is 
no brief description of the drawings, it is not clear as 
to the composition of the activator and the coactivator, 
and there is a typographical error on page 14 for Bil . 

Accordingly, the specification has been amended 
to correct these deficiencies . 

With respect to the objections to the claims, 
claims 1-31 have been cancelled by the present amendment 
in favor of new claims 33-64 . 
Rejections under 35 U.S.C. 112 

Claims 3, 5, 7, 10-15, 17, 19-21 and 24-29 are 
rejected under 35 U.S.C. 112, first paragraph, as 
containing subject matter which was not described in the 
specification in such a way as to reasonably convey to 
one skilled in the relevant art that the inventors, at 
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the time the application was filed, had possession of the 
claimed invention. 

This rejection is respectfully traversed. The 
specification has been amended in accordance with the 
Examiner's helpful suggestions, incorporating the 
limitations of the claims into the specification. Since 
this information was part of the application as filed, it 
does not constitute new matter. 

Claims 2, 3, 5, 7, 10, 14, 15, 17, 18, 20, 21, 
26, 28 and 29 are rejected under 35 U.S.C. 112, second 
paragraph, as being indefinite for failing to 
particularly point out and distinctly claim the subject 
which applicant regards as the invention. 

This rejection is respectfully traversed. 
Claims 1-31 have now been replaced by new claims 32-64. 
It is believed that claims 32-64 conform to the 
requirements of 35 U.S.C. 112. 
Art Rejections 

Claims 23, 26 and 27 are rejected under 35 
U.S.C. 102(b) as being anticipated by Hase et al . 
Examples 9-14 of Hase et al . are said to teach cubic zinc 
sulfide electroluminophores having an average particle 
size of 8 or 9 microns. 

This rejection is respectfully traversed. The 
compounds disclosed in Hase et al . are not 
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electroluminophores , but are merely luminescent materials 
which exhibit a long lasting after-glow after being 
excited with electron beams. This is not the same as 
electroluminophores, which are used to manufacture 
electroluminescent lamps that are used either for 
background lighting of LCD displays or as luminous and 
marking elements. The luminescent materials described in 
Hase et al . are completely unsuitable for use as 
electroluminophores, and there is no indication that 
these compounds possess any electroluminescence. 

Claims 23, 26 and 27 are rejected under 35 
U.S.C. 102(b) as being clearly anticipated by Marking et 
al . or Mano . 

This rejection is respectfully traversed. 
Contrary to the Examiner's assertion, Marking et al . 
disclose silver-activated zinc sulfide luminophores with 
low particle agglomeration. These luminescent materials 
are used in electron-beam tubes, and they are in no way 
able to provide efficient electroluminescence. In 
Marking et al., only silver is used as an activator for 
the zinc sulfide matrix. However, all effective zinc 
sulfide electroluminophores of the present invention are 
activated with the help of copper and/or gold. 

The zinc sulfide electroluminophores of the 
present invention have a cubic crystal structure. 
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However, the zinc sulfide crystals produced by Mano are 
baked to form a hexagonal crystal structure (column 6, 
lines 49-52) , and then the crystals are milled to form 
crystal defects within the crystals, after which they are 
baked so that part of the whole crystal of the 
intermediate fluorescent material transited from a 
hexagonal system to a cubic system (column 7, lines 20- 
23, emphasis added) . That is, Mano does not use crystals 
which are entirely cubic in conformation, but which are 
only partly cubic in conformation. The crystals made by 
the method of the present invention are wholly cubic. 
Therefore, it is respectfully submitted that Mano does 
not anticipate the zinc sulfide cubic crystals claimed 
herein . 

The method of the present invention produces 
zinc sulfides with very narrow grain-size distributions 
without the requirement for sifting or harmful milling 
processes. Additionally, no steps need be taken to 
convert hexagonal crystals to cubic crystals, as the zinc 
sulfide crystals formed by the process of the present 
invention are all cubic. 

Claim 22 is rejected under 35 U.S.C. 103(a) as 
being unpatentable over Mano. The Examiner states that 
Mano teaches cubic zinc sulfide electroluminophores 
having an average particle size of 20 microns or less. 
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This rejection is respectfully traversed. It 
is appreciated that Mano teaches zinc sulfide 
electroluminophores having an average particle size of 20 
microns or less. However, Mano teaches that the 
hexagonal crystals must be subjected to milling so that 
part of the whole crystal is converted from hexagonal to 
cubic shape. This is not the same as zinc sulfide 
crystals which are cubic, and one skilled in the art 
reading Mano would not be motivated to produce zinc 
sulfide crystals which are completely cubic in structure, 
since Mano requires a milling step to convert part of the 
crystals to a cubic structure. In the present case, the 
method of making the crystals produces crystals which are 
different from those produced by Mano, particularly since 
the crystals of the present invention need not be milled 
to introduce strains into the crystals. Crystals with 
strains introduced therein cannot possibly be the same as 
crystals produced in the absence of introduced strains. 

Claims 24 and 25 are rejected as being 
unpatentable over Hase et al . Hase et al . are said to 
teach that the phosphor can be subjected to any known 
surface treatment, and at page 13, it is said to teach 
that is it known in the art to apply protective layers. 

This rejection is respectfully traversed. As 
noted above, Hase et al. do not disclose 
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electroluminophores, but merely fluorescent particles. 
The properties of these two types of particles are quite 
different. Therefore, one skilled in the art would have 
no motivation to apply the protective coatings of Hase et 
al . to the electroluminophore particles of the present 
invention . 

Allowable Subject Matter 

Claims 1, 8 and 16 would be allowable if 
rewritten or amended to overcome the objections set forth 
in this Office Action. Claims 2, 3, 5, 7, 10-15 and 17- 
21 would be allowable if rewritten or amended to overcome 
the rejections under 35 U.S.C. 112 set forth in this 
Office Action. 

Accordingly, claims 1-31 have been rewritten as 
new claims 32-64 . It is believed that new claims 32-64 
conform to all of the requirements of 35 U.S.C. 112. 

It is noted that the claimed process is not 
taught or suggested by the cited art of record. The 
Examiner states that there is no teaching of producing a 
zinc sulfide electroluminescent phosphor containing at 
least two activators, where one is not a halide, by the 
claimed method. 

In view of the above, it is respectfully 
submitted that the claims are now in condition for 
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allowance, and favorable action thereon is earnestly 

solicited . 



Respectfully submitted, 



BROWDY AND NEIMARK, P.L.L.C. 
Attorneys for Applicant (s) 



By. 




Anne M. Kornbau 
Registration No. 25,884 



Telephone No.: (202) 628-5197 
Facsimile No.: (202) 737-3528 
AMK : nmp 
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Zinc Sulfide Electroluminophores and Methods for Their 

Production 
REFERENCE TO RELATED APPLICATIONS 

[0001] The present application is the national stage 

under 35 U.S.C. §371 of international application 
PCT/EP00/11069, filed November 9, 2000 which designated the 
United States, and which application was not published in 
the English language. 

[0002] The present invention relates to zinc sulfide 

(ZnS) based fine-grain electroluminescent phosphors and 
methods for their production. 

[0003] Phosphors of this type are generally doped with 

copper (Cu) , however, optionally also with copper and/or 
gold (Au) , as well as with copper and manganese (Mn) and 
they furthermore contain one or more coactivators, for which 
purpose halide anions (CI, Br, I) or certain tervalent 
cations {e.g., Al , Ga, In) are usually inserted into the ZnS 
lattice . 

[0004] In dependence upon their specific chemical 

composition, the zinc sulfide electroluminophores emit in 
the blue, green or yellow-orange range of the visible 
spectrum. In technical applications they are used to 
manufacture electroluminescent lamps that are used either 
for the background lighting of LCD displays (clocks, pocket 
calculators, mobile telephones, instrument lighting, etc.) 



or as luminous and marking elements, e.g., in airplanes and 
motor vehicles, in the interior and on the facades of 
buildings, as well as in advertising fixtures, etc. 

[0005] It is known that zinc sulfide electroluminophores , 

as compared to technical luminescent substances for the LTV, 
X-ray and cathode ray excitation, have a comparatively short 
life. The half-life (which is the time in which the 
brightness of the EL phosphors decreases to half its 
original value) of unencapsulated electroluminophores is 
only a few hundred hours. It is widely believed that their 
service life is significantly influenced, among other 
factors, by the grain size of the electroluminophores. This 
is one of the reasons why commercially available ZnS EL 
phosphors typically have average grain sizes in the range of 
2 0 to 4 0 urn. 

[0006] However, the extent to which pigments of such a 

large size can be made into high-quality layers is limited. 
In the commonly used screen printing techniques, for 
example, they require the use of comparatively large 
screens, resulting in dry layer thicknesses of up to 40 pm. 
These often display a visibly uneven EL emission due to the 
unavoidable inhomogeneities of such layers. 

[0007] Another shortcoming of the resulting thick 

electroluminescent arrangements that is attributable to the 
large grain size of commercially available EL pigments lies 
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in the fact that relatively high supply voltages are 
required to attain the desired levels of brightness. These 
can result in high stresses on the incorporated binding 
agents and thus in a reduction in the service life of the EL 
arrangements . 

[0008] Moreover, with the use of the coarse EL pigments 

according to the prior art, it is possible that individual 
particularly large luminophore particles can protrude from 
the layer despite the adjusted layer thickness of up to 
40pm. In these cases the voltage stability and/or electric 
strength of the EL films is reduced, resulting in an 
additional reduction in their service life. 

[0009] A significant reduction in the average grain size 

of the EL phosphors and simultaneous preservation or 
improvement of the brightness and durability values is 
therefore highly desirable for many technical applications 
that are based on the use of screen printing processes. 
[0010] If, as recently proposed in DE 19 708 543, EL 

pigments are even to be processed into fine graphic 
structures, such as security elements in the field of value 
product printing by means of intaglio or offset printing 
processes, the availability of fine-grain EL phosphors must 
be considered an essential prerequisite for the technical 
feasibility of such an application. Experience has shown 
that it is necessary in this case to use average pigment 
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grain sizes of 2 to 6 gm to be able to meet the technical 
requirements of these printing processes. 

[0011] Methods for producing efficient EL phosphors have 

been known for a long time. The pertinent prior art is 
described, for example, in U.S. Patent No. 4,859,361 and in 
WO 91/16722. According to those patent documents, the 
following steps are required to produce Cu doped or Cu and 
Mn doped ZnS electroluminophores that are coded with the 
usual coactivators : 

Step 1 : Preparation of a mixture of ZnS, the desired 
quantity of an EL activator (e.g., CuS0 4 ) and a 
coactivating, halide-containing fluxing agent (usually 
BaCl 2 , MgCl 2 , NaCl) - 

Step 2 : Firing of this mixture at temperatures between 1000 
and 1300°C. 

Step 3 : Cooling of the fired material to room temperature 
and rinsing with water. 

Step 4 : Mechanical working of the material by milling. 
Step 5: Renewed firing of the thusly treated material in the 
temperature range between 600 and 900°C, optionally after 
previous renewed addition of ZnS0 4 and CuS0 4 . 

Step 6: Cooling to room temperature and optional quenching 
with H 2 0 after a certain cooling time. 





Step 7: Optional washing with H 2 0 and/or mineral ac 



ids to 



remove soluble components and with KCN solution to remove 
excess CU2S . 



to the 4 preparation step. The mechanical working of the 
material that was first fired at 1000 to 1300°C is intended 
to transform a portion of the hexagonal ZnS 

electroluminophore formed under these conditions into the 
cubical crystal form. It is alleged that a transformation of 
this type effects an improvement of the brightness of the EL 
phosphors and particularly increases their life. 
When the described process and comparable process variations 
are used, zinc sulfide electroluminophores with average 
grain sizes between 20 and 40 pm are obtained and individual 
particles may still significantly exceed this range of grain 
sizes. This can be attributed mostly to the high firing 
temperatures, as well as to the use of fluxing agents with a 
strongly mineralizing effect. Electroluminophores of this 
grain size class have the above-described shortcomings. 

[0013] In patent document US 5, 643, 496, the process is 

modified to the extent that zinc sulfide 

electroluminosphores can be obtained that have a grain size 
smaller than 23 pm, preferably 21 pm, and which, by 
adjusting the temperature of the first firing process to 
between 1100 and 1190°C, preferably to 1160°C, allegedly 



[0012] 



Particular importance 



is attached by the 



invention 
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reach the level of 25 pm large ZnS electroluminescent 
materials regarding their attainable levels of brightness 
and half lives. 

[0014] Such a minor reduction in the average grain size 

of the electroluminophores hardly results in any noticeable 
improvements even for the use in screen printing processes. 
The principal shortcomings of EL phosphor particles of this 
coarseness largely still exist. 

[0015] Average EL pigment grain sizes in the range of 10 

pm can allegedly be attained with a process according to US 
5,635,111; however, the solution described in that patent 
document has significant technical shortcomings. These lie 
in the fact that, on one hand, the firing is performed in a 
complicated vacuum apparatus in the presence of extremely 
aggressive and toxic gases (halogen halides, H 2 S) , which 
involves the associated risks if the apparatus should fail. 
On the other hand, the very time consuming and expensive 
process hardly appears suitable for producing larger 
quantities of EL luminophores under technical conditions. 
The present invention is therefore based on the object of 
creating a novel, cost-effective method for producing fine- 
grain zinc sulfide electroluminophores that can be made into 
efficient and long-lived electroluminescent layers of a high 
quality with various printing techniques. 
SUMMARY OF THE INVENTION 
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[0016] In accordance with the present invention this 

object is met with the technical teaching, of claim 1. The 
inventive process is characterized accordingly by the 
following preparation steps and measures: 

Step 1 : Preparation of special, fine-grain zinc sulfides and 
use of these materials as a starting product for the 
synthesis of the inventive fine-grain zinc sulfide 
electroluminophores . 

[0017] The preparation of zinc sulfide starting materials 

of this type takes place by precipitation of ZnS from the 
solutions of zinc salts, such as e.g., ZnS0 3 , Zn(N0 3 ) 2 and 
ZnCl3, preferably from zinc sulfate solutions, with the aid 
of induced H 2 S gas or resulting from the addition of H 2 S- 
generating compounds at temperatures of 20 to 80°C and a pH 
between 0.5 and 3.0. The zinc ion concentration of the given 
zinc salt solutions is adjusted to values of 0.25 moles/I to 
2 . 0 moles/I . 

[0018] This precipitation reaction produces as a result 

fine-grain zinc sulfides with very narrow grain-size 
distributions and the desired average grain size can be 
controlled by guiding the process parameters, such as, e.g., 
the zinc ion concentration, the speed with which the H2S is 
passed in, the stirring speed, the temperature, and the pH . 

[0019] The average grain sizes of the zinc sulfides 

prepared according to this invention and used as the 
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starting material for the synthesis of the inventive 
electroluminophores are typically 2 to 20 um, preferably 2 
to 5 um or 5 to 15 um. 

[0020] This is a significant advantage compared to the 

prior art, because fine-grain zinc sulfides are already 
generated in this process step by purely preparative means, 
i.e., without the use of time-consuming sifting or harmful 
milling processes, and their grain size distribution is then 
transferred to the inventive ef ectroluminophores by the 
specific design of the subsequent process steps and largely 
maintained throughout the sequential performance of these 
steps . 

[0021] A further advantage lies in the fact that, in 

addition to the grain sizes, the surface properties of the 
ZnS precipitation products can also be controlled via the 
specific selected precipitation conditions. This results in 
compact ZnS crystallites with a very low tendency to form 
agglomerates. These special morphological characteristics of 
the ZnS starting materials prepared according to this 
invention advantageously affect the grain structure and the 
performance of the resulting inventive electroluminophores. 
Step 2 : Mixing of the fine-grain ZnS starting materials 
produced according to this invention with the activator- 
coactivator compounds required for the luminophore 
formation . 
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[0022] The copper and/or gold compounds, or copper and/or 

gold and manganese compounds (e.g. CuSCU, HAuCl 4/ .4 H 2 0, 
MnSC>4) which are used as activator materials , Au 
tetrachlorolaurate as well as aluminum compounds {e.g. 
A1(N0 3 )3) that may be required for the coactivation may 
already be added during the precipitation of the ZnS or also 
to the washed ZnS suspension after completion of the 
precipitation. This permits a homogeneous distribution of 
the activators and coactivators in the preparation mixture 
that is advantageous for the process of the luminophore 
formation, and also a close contact between the activator, 
coactivator and ZnS particles. 

[0023] However, it is also possible to dry mix the 

activator and coactivator compounds and the zinc sulfide 
prepared according to this invention. In this case a 
preferred process variant consists of first homogenizing the 
activator and coactivator compounds with a portion of the 
dried ZnS and then blending this mixture with the remaining 
amount of ZnS that is required to ensure the desired 
luminophore composition. 

[0024] To this mixture the fluxing agents, which are 

described in more detail below, are then added as well: 
Step 3 : A one to ten-hour firing of the mixture at 
temperatures below 1000°C, preferably in the temperature 
range between 800 and 1000°C in air or in an inert nitrogen 
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atmosphere or in an atmosphere consisting of a mixture of 
nitrogen and 1 to 10% hydrogen in the presence of fluxing 
agents with an only slightly mineralizing action selected 
from the compound classes of the fluorides, bromides and 
iodides . 

[0025] After completion of the firing process, the fired 

product is then cooled to room temperature, subsequently 
washed with deionized water and then optionally filtered and 
dried . 

[0026] In this manner it is effectively ensured that the 

average grain size and grain size distribution of the zinc 
sulfide electroluminophores after completion of the firing 
process and processing of the fired product essentially 
conform to the ZnS starting material prepared according to 
this invention and used for the luminophore synthesis. The 
inventive fine-grain ZnS electroluminophores that are 
obtained with this process step have typical medium grain 
sizes between 2 and 20 pm, preferably between 2 and 5 pm or 
5 and 15 pm. 

[0027] It is important compared to the prior art that the 

described firing process is performed at temperatures below 
1000°C and that the presence, especially of chloride- 
containing or strongly mineralizing fluxing agents is 
completely abstained from. While it is true that the use of 
fluoride and/or bromide and/or iodide-containing fluxing 
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agents does enhance the reconstruction of the ZnS lattice 
and the targeted inclusion of the activators required for 
the formation of the luminophores, their operating 
mechanisms are such that the grain growth can effectively be 
limited in the described temperature range. 

[0028] The fluxing agents that are used according to this 

invention can, at the same time, function as a source for 
the insertion of the coactivator s . For this purpose they 
optionally receive certain tervalent cationic components 

(e.g. Al 3+ Bi 3+ in addition to the above halide anions and 
other cationic components . 

[0029] A further advantage of the inventive process 

compared to the prior art ties in the fact that the 
synthesized electroluminophores remain completely in their 
cubic crystal modification because of the firing temperature 
being limited to a maximum of 1000°C. As will be described 
later, this fact results in advantages regarding the 
attainable levels of brightness and half-life of the 
inventive electroluminophores. In processes representing the 
prior art, hexagonally crystallizing ZnS electroluminophores 
are obtained initially. These are subsequently subjected to 
an intense and often harmful mechanical milling process in 
order to achieve an at least partial reverse transformation 
to the cubic structure type. The related shortcomings are 
prevented in advance with the present inventive process. 
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Step 4 . Treatment of the powdery electroluminophores 
obtained after the main firing process with organic and 
inorganic acids. 

[0030] The fine-grain zinc sulfide phosphors obtained 

after the implementation of preparation steps 1 through 4 
are characterized by high photo and cathode luminescence 
yields. This fact is an indication of the effective 
inclusion of the activators and coactivators into the ZnS 
lattice as well as of the high effectiveness of the 
luminescence processes that occur under these excitation 
conditions . 

[0031] It needs to be noted, however, that the phosphors 

that have been synthesized in this manner do not yet have 
optimum electroluminescent properties . 

[0032] The efficiency of the electroluminescence can be 

increased significantly, however, if the zinc sulfide 
luminophore powder is subjected to a treatment with organic 
or inorganic acids, such as hydrochloric acid (HC1), 
sulfuric acid (H 2 S0 4 ) , nitric acid (HNQ 3 ) , acetic acid, or 
citric acid after the main firing process. For example , acid 
treatment can take place in about 37% HC1 solution for two 
to six hours while stirring at room temperature. In another 
embodiment, acid treatment is with 10-20% citric acid for 4- 
8 hours at 60 °C with stirring. 
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[0033] For this purpose the zinc sulfide phosphors 

obtained according to this invention are suspended in 
certain quantities of the solutions of these acids at 
temperatures between 20 and 60°C, preferably at room 
temperature, while stirring and the retention time of the 
luminophore particles in the given acid bath may span a 
range from 10 minutes up to 10 hours depending upon the type 
and concentration of the chosen acid, as well as on the 
chosen temperature. The powdery ZnS electroluminophores are 
subsequently filtered out, washed to pH neutrality and 
optionally dried at temperatures of 100 to 120°C. 

[0034] As shown by electron-microscopic examinations, the 

inventive finest-grain electroluminophores show a clearly 
changed morphology of the crystallites after this acid 
treatment. It is characterized by a high roughness of the 
crystallite surfaces as well as by the formation of grooves, 
corners, edges and other structural defects. Such a 
modification of the habit of the doped ZnS crystallites 
apparently is an important prerequisite for the increase in 
the electroluminescence yields of the zinc sulfide 
luminophores that is noted after the acid treatment. 

[0035] An advantageous secondary effect of the described 

acid treatment lies in the further reduction of the average 
grain size of the luminophore particles, as well as in the 
further narrowing of the grain size distributions. The scope 
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of this effect can be controlled via the conditions of the 
acid treatment. The acid treatment furthermore enhances the 
de-agglomeration of the luminophore particles, resulting in 
additional advantages for the use of the inventive 
luminophores in electroluminescent layers (dispersion 
behavior, layer homogeneity) . 

Step 5: Re-doping of the finest-grain electroluminophores 
that have been synthesized according to this invention with 
certain quantities of activator and/or coactivator ions. 

[0036] Even with the inventive process it is possible to 

further increase the EL efficiency through the customary 
repeated addition of certain quantities of activator 
compounds, particularly Of CuS0 4 and/or coactivator 
compounds, particularly those containing Al 3+ ions, and 
renewed firing of the resulting solids mixtures at 
temperatures between 300 and 800°C. In this manner a fine 
adjustment of the activator and/or coactivator 
concentrations and distribution of the active luminescence 
centers is achieved in the ZnS matrix. 

[0037] This re-doping can be effected with copper, gold / 

manganese, and/or aluminum compounds. Preferred compounds 
for this re-doping include copper sulfate and/or 
tetrachloroauric acid or its sodium, salt, and/or manganese 
sulfate and/or aluminum nitrate. 
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[0038] Re -doping can -take place in an air or an inert 

nitrogen atmosphere, or in an atmosphere consisting of a 
mixture of nitrogen and 1 to 10% hydrogen. 

[0039] After a firing time of preferably 30 minutes to 10 

hours, the fired product is cooled to room temperature and 
subsequently washed with H2O, mineral acids (e.g., HNO3) , or 
KCN solution to remove activator and/or coactivator 
compounds that were not inserted into the ZnS lattice and 
have precipitated on the surface. 

[0040] Alternatively, the ZnS is washed with a mineral 

acid and then with deionized water to pH neutrality and 
subsequently filtered and dried after their treatment with 
mineral acids of DCN solution following the re-doping. 

Step 6: Annealing of the zinc sulfide electrolurninophores 
obtained after preparation step 5 for 30 minutes to 5 hours 
at temperatures between 200 and 500°C. 

[0041] Alternatively, this annealing step may take place 

after step 4 . Annealing may take place in air or in an inert 
nitrogen atmosphere or in an atmosphere consisting of a 
mixture of nitrogen and 1 to 10% hydrogen. 

[0042] This preparation step, which concludes the 

inventive process, serves for the final manifesting of the 
luminophore composition that is advantageous for the 
performance of the inventive finest-grain zinc sulfide 
electrolurninophores . 
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[0043] The essence of the invention thus lies in 

combining the described process steps, particularly in 
carrying out the sequence of the first 4 steps listed. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] Figure 1 shows grain size distribution curves for 

zinc sulfide. 

[0045] Figure 2 shows d 50 values of grain size 

distribution of electroluminophores of the present 
invention . 

DETAILED DESCRIPTION OF THE INVENTION 

[0046] With this method a fine-grain cubic zinc sulfide 

is already generated during the first step, which is then 
used as the starting material for the synthesis of the 
inventive electroluminophores, and the average grain size, 
grain size distribution and crystal structure of which is 
essentially maintained by limiting the firing temperature to 
a maximum of 1000°C and forgoing the use of fluxing agents 
with a strongly mineralizing effect in step 3 of the 
inventive process. At the same time the treatment of the 
luminophore powders obtained after the firing process with 
inorganic or organic acids according to step 4 together with 
the process steps 5 and 6 ensures that the 

electroluminophores synthesized according to this invention 
have all the composite and structural characteristics 
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required for attaining a high performance despite their 
small grain sizes. 

[0047] The sequence of the above 4 process steps has now 

made it possible for the first time to obtain powerful fine- 
grain electroluminophores with grain sizes of 2 to 20 um by 
purely preparative means and in a cost-effective manner 
without having to subsequently correct the grain size by 
means of milling, and screening, which would entail serious 
shortcomings. 

[0048] For screen printing applications, inventive zinc 

sulfide electroluminophores with average grain sizes of 5 to 
20 pm are used. Electroluminophores with these dimensions 
can be advantageously processed into high-performance EL 
lamps with a significantly improved layer structure. 

[0049] Inventive fine-grain electroluminophores with 

average grain sizes between 2 and 5 pm, on the other hand, 
are particularly suitable for applications in intaglio or 
offset printing. They permit the implementation of fine 
electroluminescent graphic structures, e.g., as security 
marks in value product printing. These particles are 
particularly suitable for use in narrow-mesh screens of 120 
meshes /inch . 

[0050] In any case, the inventive luminophores are 

characterized by a brightness-service life relationship that 
is adapted to the given application and optimal with respect 
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to the adjusted grain size. Moreover, studies have confirmed 
that EL elements^ can be constructed using 
electroluminophores with average grain sizes of 6 urn 
produced according to this invention that display levels of 
brightness and half lives which, under identical operating 
conditions, are comparable to EL films manufactured from 
commercially available coarse-grained EL pigments with grain 
sizes of 20 to 40 pm. 

[0051] As previously mentioned, the surprisingly high 

service life of the electroluminophores produced according 
to this invention, especially of those EL pigments that have 
average grain sizes of 2 to 5 um in accordance with this 
invention, is very likely attributable to their cubic 
crystal structure, which deviates from the commercially 
available EL pigments. 

[0052 ] According to the prior art this is considered 

advantageous for attaining high levels of brightness and 
stability . 

[0053] The zinc sulfide electro luminophore particles can 

be coated with thin organic and/or crystalline or amorphous 
inorganic protective layers so as to increase their service 
life further. In one embodiment, the protective layer 
consists of an inner metal oxide film and an outer silicon 
nitrate film. 
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[0054] The zinc sulfide electroluminophore particles are 

dispersible , and can be used for printing in a halftone 
photogravure ink, flexographic printing ink, offset printing 
ink, letterset printing ink, gravure printing ink. The zinc 
sulfide electroluminophore particles of the present 
invention can be applied onto thermal transfer films and 
transferred to printable material by means of transfer 
printing. Alternatively, the zinc sulfide 

electroluminophore particles are embedded in thermoplastic 
granule matrices and processed into films by means of 
extrusion / coextrusion and/or thin film casting. 

[0055] To further improve the stability, the individual 

crystallites of the inventive electroluminophores may also 
be provided with suitable protective layers according to the 
prior art. Numerous methods and materials are known for 
applying such protective layers. 

[0056] Further details and advantages of the invention 

will be explained below based on examples and drawings. 
Example 1 

[0057] 101 of a 1.4 molar ZnS0 4 solution are entered into 

a reaction vessel. The pH of this solution is subsequently 
adjusted to 1.0 under addition of sulfuric acid (H 2 S0 4 ) - 

[0058] The precipitation of the fine-grain zinc sulfide 

takes place by passing H 2 S gas into the prepared solution 
while stirring (stirring speed 700 rpm) . The volume flow of 
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the H 2 S gas is 36 1/h, the work is performed at a reaction 
temperature of 60°C. 

[0059] After a reaction time of approximately 500 min. 

the H 2 S flow is stopped. Any H 2 S still remaining in the 
reaction vessel is exhausted, the obtained ZnS suspension is 
decanted, repeatedly washed with deionized water and finally 
filtered off. The obtained fine-grain ZnS powder is 
subsequently dried at a temperature of 120°C. 

[0060] Curve 1 in Figure 1 shows the grain size 

distribution of the fine-grain zinc sulfide prepared in this 
manner, which was determined with the aid of a Coulter 
counter grain size measuring instrument. What is striking is 
the very narrow distribution of the ZnS grain sizes (the so- 
called QD value, which is calculated based on the equation 
QD={d 75 - d 2 5/d 7 5 + d 25 ) , may be regarded as a measure for the 
range of the distribution, which, in the present case is 
QD = 0.134); a d 50 value of 4.7 pm was determined for the 
average grain size of the ZnS material prepared according to 
the above described process. 

[0061] In the next step a certain amount of the obtained 

zinc sulfide is stirred into a copper sulfate solution. 
After concentrating and drying of this suspension at 
approximately 120°C, the material, which is now present as a 
mixture of solids, is once again homogenized dry and 
subsequently sifted with a 35 um gauze. The weighed-in 
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quantities of ZnS and CuS0 4 are calculated such as to 
establish a copper content of 1.5% for the zinc sulfide 
copper "activator". 

[0062] A comparable process is also used in the 

preparation of corresponding &a^ 3 — Bilg "activator". In the 
example described here, the B£4r 3 — Bil 3 content of the ZnS- 
Bd^a— Bil 3 mixture is 8.5%. 

[0063] The preparation of the batch subsequently takes 

place by a thorough blending of 1.65 kg of the fine-grain 
zinc sulfide, 81.5 g of the copper "activator", 7.5 g of the 
ZnS-Ba^a— B1I3 mixture, as well as 5.2 g aluminum fluoride 

{AIF3) . This mixture is entered into covered quartz pans and 
fired for 2 hours at a temperature of 980°C in an N2/H2 
atmosphere with a hydrogen content of 1.5%. 

[0064] After completion of the firing process, the fired 

material is cooled to room temperature and repeatedly washed 
with deionized water. 

[0065] This is followed by the acid treatment of the 

obtained material. For this purpose the washed fired 
material is entered into an acid bath and 2 1 H 2 0 and 500 ml 
of a 37% hydrochloric acid are added relative to 1 kg of the 
fired material while stirring. After a retention time of one 
hour, this is followed by decanting and washing, with 
deionized water to pH neutrality. 
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[0066] The renewed addition of copper sulfate to this 

aqueous suspension serves to re-dope the iuminophore 
material. The amount of CuS0 4 used for this purpose is 
calculated according to the ratio of 2 g Cu per 1 kg 
Iuminophore . 

[0067] After concentration by evaporation and drying of 

the suspension, the dry material is fired in open quartz 
pans for 2 hours at 600°C in air. This is followed by an 
acid wash with 10% HNG 3 as well as repeated washing with H 2 0 
to pH neutrality. This is followed by decanting, filtering 
and drying . 

[0068] In a concluding process step, the obtained 

material is once again annealed in open quartz pans for 2 
hours at 300°C in air and homogenized by sifting after it 
has cooled off. 

[0069] As a result of these preparation steps a ZnS-CU 

Iuminophore with a green electroluminescence is obtained 
that is characterized by a high level of brightness and long 
half-life. The average grain size of the powdery 
electroluminophore is 5.2 pm (QD = 0.265). As can be seen 
from Fig. 1 (Curve 2), the average grain size of the EL 
pigment prepared according to the example is only 
significantly above that of the ZnS starting material used 
in this process . 
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Example 2 

[0070] As in example 1, the precipitation of the zinc 

sulfide takes place after H 2 S_gas is passed into a ZnS0 4 
solution, however, the reaction parameters are adjusted 
differently. The reaction is started with a 0.25 molar ZnS0 4 
solution, the pH is fixed to 1.6, the H 2 S volume flow is 60 
1/h and the reaction temperature is 40°C. 

[0071 ] The zinc sulfide that is present in the suspension 

after completion of the precipitation reaction has an 
average grain size of 17.0 pm (QD = 0. 174, see Fig. 2, 
curve 1) . The obtained ZnS suspension is washed repeatedly 
with deionized water and decanted; afterwards a sufficient 
amount of copper sulfate is added to establish a copper 
concentration of the ZnS material of 200 ppm after the 
activation. The copper activated ZnS suspension is 
transferred to drying pans and dried at 120°C. 

[0072] To prepare the starting mixture for the firing 

process, 1.75' kg of the activated zinc sulfide, 0.5 g B±i 3 
Bil 3 , and 2.5 A1F 3 are thoroughly blended. The firing takes 
place in covered quartz firing pans at 990°C in air. The 
firing time is 5 hours. 

[0073] After cooling the fired product to room 

temperature and washing it with deionized water, a 5-hour 
acid treatment is performed with 20% citric acid. This is 
followed by decanting and washing with H 2 0 to pH neutrality. 
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[0074] The re-doping of the luminophore material again 

takes place through addition of copper sulfate (502.5 mg per 
1 kg luminophore) to the aqueous ZnS:Cu suspension. 

[0075] After concentration by evaporation and drying of 

the suspension the dry product is fired in open quartz pans 
for 3 hours at 700°C in air. This is followed by treatment 
with 10% HN0 3 and repeated washing with H 2 0 (to pH 
neutrality), decanting, filtering and drying. 

[0076] The concluding annealing of the zinc sulfide 

electroluminophore takes place in open quartz pans for 1 
hour at 500°C in air, followed by cooling and sifting. 

[0077] The resulting ZnS:Cu luminophore has an intense 

blue electroluminescence, as well as a long half-life. As 
shown by Curve 2 in Fig. 2, the d 50 value of the grain size 
distribution of the inventive electroluminophore presented 
in this example, which describes the average grain size, is 
14.5 urn {QD - 0. 156) and thus somewhat below the value 
determined for the corresponding ZnS starting material. 
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